(i9)ttMnm*««iH 

(43) I^IB 
2003 ^7 ^24 B (24.07.2003) 




PCT 



(10) gRS^BBM 
WO 03/061025 Al 



(51) Sfg*#l*#S 7 : H01L 43/06, 43/14, G01R 

33/07, H01L 21/338, 29/778, 29/812 



(21) SBSfcbglS-^-: 

(22) Hf&ttiliQ: 

(25) sf&ajffia>miS: 

(26) HIS^BflCOmil: 

(30) &2tm?—$: 
1SSI2002-6670 



PCT/JP03/00291 
2003 *£1 El5 H (15.01.2003) 

2002 1 & 1 5 B ( 1 5.01 .2002) JP 



(71) a«Ar*H*l»<*Ta)»3EBBfz-Dl^x;: JBft* 
li^flfcS^tt (ASAHI KASEI ELECTRONICS CO., 
LTD.) [JP/JP]; T 130-6591 ^ SHE fS^t 3TI 
2f 1^ Tokyo (JP). 

(72) fccfctf 

(75) #8E#/aJJ8IA f^UfCOUTa)^;: 821 iff 
(WATANABE,Takayuki) [JP/JP]; =r 416-0939 fi*W!S 
S±rlT JI|j£S 100 17/^- h 413 Shizuoka (JP). 86 
H (SHIBATA,Yoshihiko) [JP/JP]; T 416-0921 ff 

MS S±rP 2-18-5-3 Shizuoka (JP). BcJl M£ 

(UJIHARA,Tsuyoshi) [JP/JP]; T416-0931 tfHH S± 
rfj #® 1354-1 7>va>?B0f 405 Shizuoka (JP). 



^ffl ( YOSHIDA,Ta kash i) [JP/JP]; T416-0921 S$ 
Rg*S±rfi7Kpa 360-26 Shizuoka (JP). BBjg 
(OYAMA,Akihiko) [JP/JP]; T410-0821 flUQil 5BJMT 
1023-3 Shizuoka (JP). 

(74) ftSA: « 01 — (TANI,Yoshikazu); T 107-0052 SS: 
tfljtE *S2T@ 6-2 O Tokyo (JP). 

(81) ft £B (B Fty: AE, AG, AL, AM, AT, AU, AZ, BA, BB, 
BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, 
DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, 
NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, 
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, 
ZA, ZM, ZW. 

(84) ffi^S (0SM)i ARIPO (GH, GM, KE, LS, MW, MZ, 
SD, SL, SZ, TZ, UG, ZM, ZW), i— 5 isTVtW? (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — □ V /^fff 
(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, 
GR, HU, IE, IT, LU, MC, NL, PT, SE, SI, SK, TR), OAPI 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 



(54) Title: COMPOUND SEMICONDUCTOR MULTILAYER STRUCTURE, HALL DEVICE, AND HALL DEVICE MANU- 
FACTURING METHOD 



rn 
O 



(57) Abstract: A multilayer 
structure of a quantum well 
compound semiconductor high 
in electron mobility and sheet 
resistance and excellent in 
temperature characteristics can 
stably be supplied. A Hall device 
high in sensitivity, low in power 
consumption and excellent in 
temperature characteristics can 
industrially be provided. First and 
second compound semiconductor 
layers (12, 14) made of Sb and 
at least two elements out of Al, 
Ga, In, As, and P and an active 
layer (13) made of a compound 
semiconductor of a composition InxGa^xASySb^y (0.8^x^1.0, 0.8^y^l.0) are formed. The first and second compound 
semiconductor layers (12, 14) have band gaps wider than that of the active layer (13) and resistances five times or more of that of 
the active layer (13). The differences in lattice constant between the first compound semiconductor layer (12) and the active layer 
(13) and between the second compound semiconductor layer (14) and the active layer (13) range from 0.0 to 1.2%. The thickness 
of the active layer is within the range of 30 to 100 nm. Thus, a multilayer structure of a compound semiconductor is fabricated. 
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bfc^ot, AlGaAsS bl^tt^^^t^^T, 

1 G a A s S b Jl±^ f?§ 3 ©^#J^^M tbTCGaAs S b 

T\ &*$HZ 3 1 • 3 2 fcfc» 1 3 3 tefg'ftjf > 3 4 tefg 

si^lt^ o , ig i <Dit^m^m^m 3 2 & &z$m 2 3 4 0 

I n G a A s T?«fc-50Dfc:2#U f*©*-;^^ 3 (Dfc&tfo^mfcMfe 

G a A s Sbm. ^O^^BJi^^feOiO^g^T^^o 

0*0, *mW\$. I n xl Ga x _ xl As Y1 S bi_ Y1 (O^Xl^L O^Yl 
^1) ^5^5^ttI3 3©_bTfc, ££>?£'[4J13 3<£D*£&£IM«fI£WT«5 
Sbmft^ifrI3 2, 3 4^ e fc^^^y«ibT©fb^###J13 
5&BBBbfc¥&#?S]K3 2-3 5^^1tM3 6«4^ftM3 7*>Sft* 
7^-;m^t*5ViT, 3 4 ©±{: I n x 2 G a ! _ x 2 A s (0^X2 

^D^e>«:S^^yyjii:bT«<m3CD{b'&«»¥*#«3 5^Iitl>^t^ 

?£ttJl 32tlTInAs,Il O^ftfti 3 2 *> <fct£fg 2 CDYb^%¥# 
#:I3 3 <*: tTA 1 G a A s S b ^ffl^fc*-J^fTH S®^*bl£ii:£@ W£ 
LT^ t 7 ^1 1 LT©^ 3 ©fb^#I#:I 3 5 $JBJfcbTV>5. H 3 0)\\&m 

tLTH In X2 Ga 1 _ X2 As (0 2^ 1 ) T?*$nS-fb-&*¥2IW*:in?* 

#jn?*50TG a A s #W£bV>o 



WO 03/061025 ~ PCT/JP03/00291 



• A 1 
• 



0 6tt, *^HJ©^^¥S#^-;^^©M^?*^^fXig^T, £0fi[jg 
V>TfcJ:&irr 5. £JI»iJB 2 6 #¥S#it$t 2 2 ~ 2 5 £ Kt$SH£B 2 3 <D^m 

t ps^ $ n§ (D t x ^ ^ > ^ o ® m b tLi^m^mw(Dmm 

XfiftfrV^ ^T»-«ii4 7TtWl^ u®I-§II4 7 £M£gBJ£/&0 

£btr>. i^4 1ttSE 4 2^10^^11:1, 4 3ttffitti, 

4 4^2 4 5t^3 <Dik<&m*MWm, 4 6 

B 5 1 5 2 ~ 5 5 «aN*#i*fl& 5 2^1 ©{b£-tj¥##S, 5 

3 ttSHM, 5 4^2 ©ft'&^SSMWfiL 5 51ii3 5 6tt 



WO 03/061025 
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zwrnm-zmz^nte. m 3 oitsm^mwrn 5 5 #g a a s s b (omt>\z&^ 
mmmmit. tn^nmi 3Mh^uu§, BffW6 1, 7 ifcts«, 

6 2, 7 2«ilOft^im 6 3, 7 3ttSttI, 64, 7 4lil2©ft 
^¥S#:J1, 6 5, 7 5^m3©^#l¥«#Jl, 6 6, 7 61^1111, 6 
7, 7 7tt»-fiWI, 6 8, 7 8 tefff-^HS, 7 9tt»=««i*wl/TH«. 

^$0, 01 (Md&V^Tte, I n xl Ga 1 _ xl As Y iSb 1 _ Y1 (0^X1^1, 
O^Yl^l) j&>e>&S?SteJi5 3©±T^, £<D?£'l4Ji5 3 <k 0^:*a:«HW*« 
£ S b £^£Hb^#)¥##* 5 2,5 4 y?m£VT(D<k&to¥mft 

155 ^@ffSbfc^^#:^m^^^-r§o &-f%z-&mm 5 

7^^b,/\°^-n>^$n^^©^— §i!5 7 m^tlTfflUT¥«# 

X^T©mbfcS^5 1 i:¥i#:ii*<fc^^Il5 7 &fgZl««JB 5 8 T 
-WT, £1—^/1 5 8 Sr/\°^-->^bT^M«M 5 6 £jgjfrT5. 
013£*5^Tfe£, I n xl Ga 1 _ xl As Y iSb 1 _Yi (0^X1^1, 0 
^Yl^l) )6^^SttI6 3(DJtT(3, £©«'|4J16 3 «fc B*#fc3SIW#*i& 
S b £^tMt^¥^#Jf 6 2,6 4 y yjf t lT©^»^i#I 

6 5SBB«bfc#J»#:S»JR*^^TSo ^il©Mt, 3rr«-«WJi 6 7 
;^-->^tl/c^0 Mil 6 7&7Xi7iLTffi^T^i#i 

m<Dmm&&&nm&m&$JW>&3L-y ^>trv&&T2>o m~$mm 6 7 
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7 £JMU /\ 0 #~X>^£nfc;i©II— ££llJi 7 7 m^7t bTfflViT#i»#: 

auK© &&&& «fc £ x ^ > tfun-cmizT £ o x v ^ > >rxm 

m~umm7 8, 7 7^j:^-vyys^ti"ji^>fb^^# 

174, 7 5^X»>f >^IgfciDiSb^Ilgl7 6 tttt5ffittl7 3 
7 6£7M-T£o 

fiftltffi^®iii$ii§^fet bTH #f~IS^£n£fe©-m&V^\ I nA 
£X^>^li££ffiV^^X^>^£fT-5<*:> I nAsifflTly^^WM 

5u> tf&te e ©#jsi$x y ^ >t/\z «fc o < & * ^ y ~?m i> m 
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EU5te, I nA s#i«l§il^};jf^*-;^t, #10 I n S b, I 

n a s , g a a s &mmmzm^*—)vm^<DffiMum%?&&7*-s-mT*&z>o 

I n S bm£Srt©^^b^^tC^:^<^ic«J^^bt-§©^bT I n A 
s #11, mm InAs, G a A s CO*— ;HStTOM#?/h£ < ^ 

EI16H ^S#'!W,k£F & InAs, GaAs, &£JQ:}/fi L InAs 

^^ffl^fttt£31bT^3 £ t^UTV^, flCD InAs *iJ^G a A s 
©*-;i/iit^(;:|t^T±S£Lfc InAs #S^3t^e^§*-;^^^4^Jt 

A^*£ifERX^Vh«2 0 [Q • V] (IV- 5 OmT) Sk±X&tlUMmm 

mm&mmzmvT^z> 30 cq • vi (1 v • 5 omD j^±#w 

£b<, 3 5 [Q • V] (IV • 5 OmT) i^_L^£ D£F£ bV> 0 

m&m<DmWZ. 3 0 nm^DJlK 10 0 nmj;D^tj-n«#^PS^$n/^V^ 
3 5 nmiDK 10 0 nmi D^V^©^W^b< , 4 0 nmJ^±j|< 7 0 nmi 

Al, Ga, In, AsRtfP©5ao5^fe<it»2l07n*tSbiT?*^ 

M^n^^tftilibTI nAs ^^^©jfi^A 1 G a A s S b£M£K. 
mmzA IGaAsSb. InAs, AlGaAs S b ©JHS^^Xhf^^r->— 
m (MBE© -e^bfco ^{CJ;^T«^®{^bl^±^^^@Wib^Ga 
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frSfcjGfcStu ig^Jitt, mmifiS Onm*0**<10 0nmJ:0^ 

t£\,*l n x Ga 1 _ x As y Sb 1 _ y (O^x^l, O^y^l) ItbT^nt 

m<feo tn,?&mm&mmT?2> \zmmm<D s b m.mmm\zm 

[^Jfifll 1 1 

atg2'T>5 t ©GaAsaE«±^ : P»Xfcf^^^- (MB E) &IiD, Si 
®^¥i#:itbT6 0 0 nmCOA 1 0 . 55 Ga 0 . 45 As S b> ^MtVX 
5 0nm©I nAs, S2 <D^^mWMtVX6 0 nmOA 1 0 . 55 Ga 0 . 45 
As Sb> i 3 ©{^tl^ifrl tbT6nm©GaAs S b SM&J&glbfco 

sb©«iiGe (220) mm^mwc4mmmz^M^mmxmmisr 
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fck van der P a uwfetcj;^*— ;^^©SJfe^6»fNBUfc. 
[«2] 



S b x 


*&^F^^CM OK) 








(%) 


(cmW s ) 


(Q) 


0.885 


0. 10 


19112 


528 


0.902 


0. 23 


19705 


477 


0.918 


0.35 


20601 


428 


0.929 


0.43 


21304 


399 


0.938 


0. 50 


21921 


377 


0.948 


0. 58 


22545 


358 


0.952 


0. 61 


22734 


352 


0.967 


0.72 


23077 


337 


0.983 


0.84 


22464 


326 


1.000 


0.99 


19350 


291 






21281 


387 






9 


31 



bx = Sb/(Sb+As)) §0. 8 8 5 — 1. 0 0 0 £T?^ft£-frT&«^;#44 
Tf3it>t>. *IJ(£V> S b x = 0 . 8 8 5 — 1. 00 Ol6HT> n=?&Wim% TOtt± 

Ttt+iCHtti 4 0%, «afcr3ViTtt»f»iCHi± 4 5 %gSt»$5^ *^«J©^ 

jmgHttiu *«K:jt^if sstKijtwrs^-h^io^rn'bc: 

j»(E3&*Rrt6*T?*5. Sbx=0. 902-0. 983 <2f5ffl^£ fc> H^&Ifrg 



WO 03/061025 




PCT/JP03/00291 



[jt«w i ] 

Ig2^>fOGaAsSI±l:, SHMfcXlf^S/- (MB E) ffl 
l(D{b^#l¥S#:iitbT6 0 OnmCDA 1 0 . 5S Ga 0 . 45 As Sb, ?g'l4S<hb 
T 1 5 nm<Z> InAs, I2®^|lf i#:ittT6 0 nm©A 1 0 . 56 Ga 0 . 
45 AsSb, ^ 3 O^i^iftl t LT 6 nmOG a A s S b £HI#/&®IU£: 0 

SbCtaiGe (2 2 0) ^i^^fe4^iffit £3i«#^gX^m#r 

te, van der P a uw&fc ;U^©SiJ^e>Wffibfeo 
[^3] 



Sbx 










(%) 


(cm2/V 


(Q) 






s) 




0.890 


0. 140 


16476 


1100 


0.901 


0.220 


17760 


905 


0.919 


0.360 


20032 


729 


0.930 


0.440 


21137 


677 


0.939 


0.510 


21957 


581 


0.944 


0.550 


22375 


450 


0.954 


0.620 


23067 


390 


0.967 


0.720 


24159 


298 


0.984 


0.850 


26468 


232 


1.000 


0.970 


30631 


190 






22406 


555 






32 


82 



m i wm 2 (Dik&m^mwm^cD s b x (Dmuzm\,\ nrntrnms.^ < mm 

U*D,Sbx = 0. 8 9 0~1. 0 0 ©iiT^^ If «^fi± 3 
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i!S<DlHi$$i!5£K&^Tte:> S b xte4»'tMfi± 0. 0 AU^mm^mWfi 
pJfgTfe^o bifrU Sbx=0. 890~0. 9 6 7 OtgBfc&^T 11 
■^S1&JS«¥^I± 1 8 %<£>tSffl> h&inte^Mi 6 3 %<Dt5H£&tK X 

mi 7 i 8 \%, n^Wimas^- vmio^^mmmM^m-mm^ 

znzoimfrzmz £5 \z, mmm 1 t?«s bxc^^btMiUfto^w* 
n/^>- him*. 3 0 6 9 5 4 5 zmvtn 2793440^ 

ffite3B«0DSSHB (2 8 0 G> 2 1 0 0 0 cmWs) £Jt$£T££, Sbx = 
0. 9 1 8~0. 98 3^V^|g|S^^l'iT|Rl^b<«^-n^±©li^Sj^-C ! 
^-hSirt^l 6%~7 0%g^:^<> -f£f^*«^-e^D, 

[HM0IJ2] 

Et2^>?©GaAsSt±t, a^mxfc?*^— (MB E) fg 
1 ©fb^S#ItbT6 0 0 nm©A 1 0 . 65 Ga 0 . 46 As Sb> ?5'I4Ji£b 
T7 0 nm© InAs, i2©f^tlf #frltLT6 0 nm©A 1 0 . 55 Ga 0 . 
45 As S b, ^3©ft^#i#ItL,T6 nmOGaAsSb^IMill/fc. 

sbowtGe (220) mm^mw^^Bmz^m^mmxmm^r 

fciuvan der Pa uwiSK: )l%}M<DmMfr ZWBVfeo 
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»4] 



S b x 


f&^P^^H (X) 








/ OS \ 


/ w> O /"XT' 

Icm^/v 








s ; 




0. 886 


0. 11 


16569 


nop 

535 


0. 901 


0. 22 


17352 


491 


0. 919 


0. 36 


i o o r\ r\ 

18809 


A O A 

434 


0. 937 


0. 49 


20104 


o n n 


0. 939 


0. 51 


20266 


n o a 

380 


0.944 


0.55 


20544 


370 


0.951 


0.60 


20788 


360 


0.966 


0.71 


20802 


342 


0.98 


0.82 


19889 


333 


1.000 


0.96 


17003 


312 






19212 


395 






11 


28 



fz.a mfc^ Sbx = 0. 886-0. 999 ©tSHT\ *?1£lb&tt¥*5lt± 1 1 % 
5 *-JPif0X^7 #T«, ttfcttf**i£HB[± 4 0%, flM«*ife4t± 4 5 

Sbx = 0. 901-0. 9 8 0<Dmm°Vfr%>£. *W»fttt¥*Mt± 9 

[*w«fa3] 

fii2-f>5 1 ©GaAsSI±}C, SHHfcXfc!^*^— (MB E) ^(CckD, 0 
1 (DikSm^mWm tLT6 0 OnraWA 1 0 . 55 Ga 0 . 45 As Sb, 
T35 nm© InAs, ^ 2 <D4fc&m¥mfcM £ UT 6 0 nm©A 1 0 . 55 Ga 0 . 
is 45 AsSb, ^ 3 OM^ii LT 6 nmOG a A s Sb«fiEllfc, 
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sb«HGe (220) m.m&&mKit4m&mz&.2>&jmi&xmim$r 

\$. van der P a uw^lliS*- ;l/&*©WS&*>&ffMfiU;fc. 

© a Jjfc« £ gt£> fc © T £ £ o 
[*5] 



S b x 


(%) 


(cm2/V 
s) 


(Q) 


| 0.892 


0. 15 


19605 


743 


0.904 


0. 24 


20518 


656 


0.918 


0.35 


21673 


590 


0.934 


0.47 


22845 


521 


0.942 


0.53 


23372 


480 


0.948 


0.58 


23775 


450 


0.958 


0.65 


24285 


350 


0.971 


0.75 


24909 


330 


0.980 


0.82 


25276 


320 


i 1.000 


1.00 


25975 


285 



5£&lM 23223 473 



«&^#(±X) 14 48 

*B£V>S b x=0. 8 9 2-1. 0 0 CDftiBTf. *W»*tt¥*^ffi± 1 4% ©IS 

^mmm<Dmmmmmt, mmizitm-r^m^wim^^y^^x^^. mm 

Sbx=0. 904 — 0. 9 8 0 ©fBfflT^ *^a&SEtt^fli± 1 0% 
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Eg2^f>5 : 0GaAsSi±H, ^Xlf^^j/- (MB E) &K:<fctK 21 
1 (Dfc&yo^mfamtLT 6 0 0 nm©A 1 0 . 45 G a 0 . 55 A sSb, fg'ftjf <hb 
T5 OnmCI nAs, l2©{M^ftIi:bT6 0 nm©A 1 0 . 45 Ga 0 . 
55 As Sb> IS3(Dfc^#>¥«#:Jf £bT6 nmCGaAs SbMMlfc. 
. SbOM^Ge (2 2 0) m$£B i &m^f£4mmmz&%mfrmmxm\E}$t 

te> v a n der Pa u wj£fc ;i/$J|l<£>&te;^ &fffiffibfco 

®i8&j£« fcfc S6 fe © T & 3 o 
[316] 



S bx 






! him 




(%) 


(cm2/V 


(Q) 






s) 




0.888 


0. 12 


19173 


409 


0. 897 


0. 19 


19475 


393 


0. 914 


0.32 


20353 


366 


0.930 


0.44 


21393 


340 


0.940 


0. 52 


22089 


321 


0. 952 


0. 61 


22734 


300 


0.960 


0. 67 


23002 


287 


0.970 


0.74 


23060 


272 


0.984 


0.85 


22349 


251 


1.000 


0.99 


19350 


222 






21298 


316 



i$B-D&(±%) 9 30 

= 0. 8 8 8~1. 0 0 (DfgHP^T, «^»iS« I P^M± 9 %<£>IBfflK:AoT*3 
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Sbx=0. 897-0. 9 8 4©iiT^St, l^lStt^l± 8 
[H»J5] 

it^2-r>^<DGaAsS^±fc:, SH^HXtf^v— (MB E) fefc:<fc?K & 
l©fb^4fe^l#JB2:bT6 0 0 nm0A 1 0 , 65 Ga 0 . 3S As Sb, S'l£JI<hb 
T50 nm(D I nAs , fg 2 ©ffr&&¥2IMMI t IT 6 0 nmOA 1 0 . 65 Ga 0 . 
35 AsSb, 1 3 ©ft^iftlt LT 6 nmOG a A s SbS0^bfc. 

SbOfiUltGe (2 2 0) ^«SS*fflVifc4«SSfeK:<J:5ifi5^»tgX3!*I5l*f 

Wuvan der P a uw&fcckS*— ^^©SJJtjft&fHllibfc. 
«b £>T & £ o 

[*7] 



32 



PCT/JP03/00291 



S b x 


(%) 


(cm2/V 
s) 


(Q) 


0. 886 


0. 11 


19141 


672 


0.892 


0. 15 


19286 


652 


0. 902 


0.23 


19705 


611 


0. 913 


0.31 


20274 


569 


0. 927 


0.42 


21214 


514 


0.939 


0.51 


22006 


473 


0.954 


0.62 


22790 


432 


0.966 


0.71 


23075 


406 


0.988 


0.88 


21934 


367 


1.000 


1.00 


19053 


326 


20848 502 
\**>-0&(±%) 10 34 



= 0. 8 8 6~i. o o(Dmm-v,m^mm^^m± i oxommizx-Dxis 

fc£ £> # /Jn $ V i £ fij ®f t ^ £ o 

Sbx=0. 9 0 2~0. 9 8 8©tgfflT^3<h, W^#lfrm»i$li± 8 

ig2^>?0GaAsSS±(c, ft^m^V?*^- (MB E) ^fciD, S 
l©^#J¥«#«<hbT6 0 OnmOA 1 0 . 65 Ga 0 . 35 As Sb, m&MtV 
T5 OnmOI n 0 . 97 Ga 0 . 03 As 0 . 98 Sb 0 . 02 , W, 2 (Dik&m^MfcM t. b 
T6 0 nraOA 1 0 . 65 Ga 0 . 35 As S b, W, 3 (Dfc&M^mfcM £ IT 6 nm© 
GaAs Sb£Jg#/£jg|bfco 
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sbo«tt,Ge (220) mm^m^rc4m^mz^^m^mmx^\Bim 

fcJU v a n der Pa uwSfci^^- frzb^CDWlfefrZWtialsfto 

t & © t & % . 



S b x 










(%) 


(cra2/V 


(Q) 






s) 




0.905 


0.25 


19835 


610 


0.910 


0.29 


20120 


592 


0.911 


0.30 


20196 


583 


0.913 


0.35 


20601 


556 


0.926 


0.41 


21125 


527 


0.940 


0.52 


22089 


483 


0.959 


0.66 


22969 


427 


0. 966 


0.71 


23075 


411 


0.980 


0.82 


22661 


387 


0. 992 


0.91 


21404 


365 






21407 


494 






8 


25 



x=0. 9 0 5-0. 9 9 2<D|6HT.m^t^«^g±8%©$SB^AoT 
hSSi ! b 5 F^il±2 5%oiffltaoT^>„ rfj|S©jiN-;u^©x 

Sbx=0. 9 0 5-0. 9 8 0 ©$SB7r#.§ *^«i^OT^±8%^ 

T©isaiaoT^o, ><—hmfiih5£i%m±2 2%©igHft£&D> xn^jt. 
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WtlSlfStiOT i Jl 1 0 0 nm> Au|6 0 0 nm^lil*btffi V* 
r^o^—Jim^-<D^yy"^X\t3 6 0 (imx 3 6 0 i±m~T:$> V ,mm^(D-&^ (M 
faVfcnmm-S:) m&3 5 wmTS^. (I©^-;!/!^^ 5 OmT 

COMMIT* 3 V©X*miE^jtlP^T^-;i/^©^^?|iJ^b^:o ^teffiS^ife 

[^9] 



S b x 


(%) 


(3V, 50m 
T) 


(Q) 


0.885 


0. 10 


102 


1250 


0.902 


0.23 


103 


1090 


0. 918 


0.35 


107 


980 


0. 929 


0.43 


111 


910 


0.938 


0.50 


114 


870 


0.948 


0.58 


117 


820 


0. 952 


0.61 


118 


800 


0.967 


0.72 


125 


780 


0.983 


0.84 


117 


760 


1.000 


0.99 


100 


650 



in 891 
i$t>~D%(±%) 11 34 



£©319 \Z&Z>&?\Z, Sbx=0. 885-1. 0 0 ©iHT, mMfe^"? 
1 1 lmV, XJim?V&Z 9 lt-AT^ofe. Jl©imif©GaAs§ffl^ 

r^-jim^o 2 mw,±(Dmm^$> <o , m^i&^fe^fFfg 2793440 ^fg-r 
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$nfe 0 £fc> um&mz^Th&mm2 79344 om&miz&mznxim? 
mm(Dj,-£>b^^\t^m± 1 1 %<Dmm\zx^x^<o . h&Mw^Mi 3 

Sbx=0. 9 0 2~0. 9 8 3 ©igBT^t, ^S«¥±HM±7 %(9fgHfc 

[J*t£0ll2] 
[^1 0] 



S bx 










(%) 


(3V, 5 0m 


(Q) 






T) 




0.890 


0. 14 


80 


2550 


0.901 


0.22 


84 


2060 


0.919 


0.36 


106 


1700 


! 0.930 


0.44 


109 


1550 


0.939 


0.51 


. 115 


1330 


0.944 


0.55 


117 


1030 


0.954 


0.61 


121 


890 


0.967 


0.72 


125 


680 


0.984 


0.85 


138 


540 


1.000 


I 0.97 


160 


400 






116 


1273 






35 


84 
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u0tlO^5IJ§«fc5l:, Sbx = 0. 8 9 0-1. 0 0 ©IBHT, 
mmtl 1 6mV, Atjm.ffi<D¥i%M\Zl 2 7 3^- ATM, «IE©«6^*tt 

m.n<onmmm.mz^x\t. sbx^iio. o 4mm.<Dmmnxm&& 

pSffeX&ZfrZ, Sbx = 0. 888-0. 9 6 7 (DtSB^&^T^ mmt^ 

&z>mfimmx&tco mnx(Dm.m^^^zsmm^\tmmm7 ttt^x 
mmmsi 

inn mMM2~6xi&i$.istcmmfe&m^x, mmm tmuizft-ivm 

[SI l] 





(mV) 


(%) 


\ (Q) 


(%) 


S b xtSH 


2 


101 


12 


911 


30 


0.886-0.999 


3 


121 


16 


1090 


51 


0.904-0.980 


4 


112 


11 


735 


32 


0.888-1.000 


5 


110 


12 


1151 


36 


0.886-1.000 


6 


112 


10 


1118 


27 


0. 905-0.992 



z. n h <d v ifno ft— j^m^ iz& n x , tu wl<d ft— )vm^ o x < v z & s 

[^»!J9] 
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. ai2^>f©GaAsIt±l:, ^^Xtf^^rv— (MB E) mz&Q, W, 
l©^*^IttT6 0 OnmCDA 1 0 . 56 Ga 0 . 45 As Sb, m^Mt.^ 
T5 0 nm<£> InAs, H 2 (Dit^^i^Mt bT 6 0 nm<DA 1 0 . 55 Ga 0 . 
45 As Sb, m S <D4k&%¥mfcm tlsT &nm<DG a As mWAf&misfCo 

sboia^Ge (220) ^.m^m We 4mmmz &z>mfrffimxm\EWr 

teu v a n der Pa uwfe(:J;5*-«©W^Wil/fc. 
mi 2] 



S bx 










(%) 


(cm2/V 


(Q) 






s) 




0.886 


0. 11 


19141 


538 


0.904 


0.24 


19769 


484 


0. 917 


0.34 


20517 


444 


0.930 


0.44 


21393 


406 


0. 939 


0.51 


22006 


385 


0.947 


0. 57 


22475 


371 


0.954 


0. 62 


22790 


360 


0.968 


0.73 


23072 


341 


0.984 


0.85 


22349 


329 


1. 000 


0.99 


19350 


296 






21286 


395 






9 


31 



tobtfe!itttMa/h^<, ilfJE^S bx=0. 8 8 6-1. OOOffim-VtM^ 

^mm^^m± 9 %oisHfcAoT^D, is— hmMhw-^m± 3 1 %©i6B£ 
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RJtre&3/^£>, Sbx = 0. 9 0 4~0. 9 8 4 ©I5IST^§ t, m^W]m\t 
£ % iZ , m 3 SGaAsSb Tjftfifc bfc*§^©3«®lfij£#: <h 1^ 

[«fa 0] 

[Hi 3] 



S bx 


(%) 


(3V, 50m 
T) 


(Q) 


0.885 


0. 10 


102 


1240 


0.902 


0. 23 


103 


1100 


0.918 


0.35 


107 


990 j 


0.929 


0.43 


111 


920 


0.938 


0.50 


114 


880 


0.948 


0. 58 


117 


830 


0.952 


0.61 


118 


810 


j 0.967 


0. 72 


122 


790 


I 0.983 


0. 84 


117 


750 


1.000 


0.99 


102 


660 



111 897 
UZ-Og(±%) 9 32 



Z\(Dmi 3lZ&Z><ko\Z, Sbx=0. 886 — 1. 0 0 <£>$5HT\ SSteTO 
Til lmV> A*JgirLte8 9-7t-AT*ofe, ^0iM»GaAs &m 



WO 03/061025 




PCT/JP03/00291 



mm<Dit^-D^\t±9 %<£>l&BK:AoT33tK is— b%£ih¥-%Bm± 3 2%©$S 

m+4o%> ^te4»'M±4 5%mm-i:&z>&, mmtzikmT zm^F&mm. 

m&^m-V^^^. Sbx=0. 902-0. 9 8 3©igHT^3<h, S^te 
¥^fi±8%<£>tSfflKAoT&«9> A#^fe¥^{I±2 0%(DfSH£A^ JSI3 

mmm 1 1 ] 

I g 2 G a A s SS 1 ±C^X ^y- (MB E) jgcfcl^D, ^ 

1 (Dit^^Mi^M tl^X 5 0 0 nmOA 1 0 . 57 Ga 0 . 43 As 0 . 04 Sb 0 . 96 > 
S'l4Jl£bT5 OnmOI n A s , fg 2 (Di^m^MWM £ UT 5 OnraCA 1 0 . 
57 Ga 0 . 43 A s o. 04 S b 0 . 96 , M3(D^^Mi^MtVT5 nm<DGaAs 0 . 

0 2 S b o. 9 8 &M"A!8.mTZ Z.<b\z& D 

A 1 o. 57 Ga 0 . 43 As o. 04 S b 0 . 96 (DmfflWUte, &J;-ei . 2 e VT&tK 

1 nAsOO. 3 6 e V £J£i£LT+#±i*/&MT££,, ¥^#:^2©^#14 
5van der P a u w}££ffl^T$J5£Lfc<£: £5> n^mWfi2 2 0 0 0 
craVVs, hjgtri^3 6 0 Q, h*?jft&*t7. 9xl0 xl cm- 2 T 
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£T> I n A s B*fllHi$t*fc«)©l/S?X h/^->*7* h U V^77>f - 
^Srffl^TJ^fcbTCo »GaAs 0 . 02 Sb 0 . 98 M£A 1 0 . 57 Ga 0 . 43 As 0 . 
04 Sb 0 . 96 m<DX.y?->!fte. UttOl/'^X hSM&ffl^TP5?X hi 

^SttfcHfc*, I n A s IHTX«/?> 

>5'J >^*£fc«fc 0 G a A s l^ST^-y-Xy ^>^£fr V>«MH»S»JSbfc«» 

T©S i 3 N 4 £3 0 0 nmMbfc, &JRttfMd*I nAsItiHt 

FUfr&Mn&ffcvT^ZUz?* >&ZL<DS i 3 N 4 ® Jtfc^J&b 

fe^, CF 4 tO 2 ©ii'&^Sffl^fcSJtStt-r^>Xy^>^^«k0S i 3 N 4 

l^yXh^lSb, ££>fcl> ^IfSaOTillOOnm^ Au 
16 0 0 nm^lilfl>M©'j7ht7mD#Ilii©/^->§i 



miR]l/fciIFI5) fc£9 5 /zm, m\Z3 5 fim^5, 5 OmTOlitl? 
3 VOA7J«BE^5n^T^-;l/^©S^<&a«^b^:tJ16, 1 2 0mV©m7J* 

7xAI*l»L/&l 3 5 0 0m(D^-)m^O)Xiim.^iR i ru ^«j«ffiV 
u&<£££9 0°lEl^b7t^F¥^1lEEr Vu§t-h7"D-A ! (SftjaSS) £<fcD 
aij^bfec R i n OMfiLfeXJjMM 0 . 1 mAT, VuWr Vu©ifl^«X73 
*JB£3 VTfT^fc. Rin©^fiB8 2 0QT»o&. Vu+rVu/t7 
il9At^tl§M^U a = 0. 18raVt/J^<, *fe0. 5 
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I n A s l/>> 7. h/t^->^7* h'J V^7 

02 S b o. 98 S<hA 1 0- 57 Ga 0> 4 
3 As 0 . 04 Sb 0 . 96 lOX>^>^i 7;i/AUtt©l/^X hS««Sffi^TV 

TXy^^Snfr^fctf)* I n A s Ii®TXyf> 
WZ, MQMMmz&VT illO Onm, Au| 6 0 0 nm^iiifl, 51 

t^XvCVD^ffl^T, MI4tLT0S i 3 N 4 £3 0 0 nm^lfc. 

CF 4 t0 2 ««l'&^X*ffl^fc i KJSfe-r^->Xy5 i >^tetJ:DS i 3 N 4 S 

S£ (MlRJb^cW^S) «9 5 Mm. 4Ifr$3 5 amT^S. ffiftt^HJfifl 1 £RI 
Ul 2 OmV^Snfc. 
^xAF^tC^bfel 3 5 0 Ofi©*— ;W5fr?G>A#JSStR i n>^F¥^«ffiV 

u*3cttX9 o°m^bfe^«ttffir v u ©aue^jfi^i i tmm\zn^tco r i 
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0. 5mV^§W^ofc. 
CH»J1 2] 

ilg2^>?©GaAsIIl±!lMl^+^- (MB E) fH 
KDfc&m^mifcmtlsTS 0 0 nm(DA 1 0 . 5 0 G a 0 . 5 0 A s , «'|4«£bT5 
Onm0I n 0 . 06 Ga 0 . 95 As, %2 (Dit^m^M^fM hVX 5 0 nm©A 1 0 . 
50 Ga 0 . 50 As, l3©ft^i#lttTl OnmtDGaAs SIMlt 

§ z. t (c j; d ^mi^mm^mm, Lfc 0 . 

m2<Dib<£>m¥Mfem(DA 1 0 . 50 Ga 0 . 50 Asli Sttli^&lOnm^V 
>H-yjlT, ff!3©te^¥S#efy©4 0nm£S i F-^Itlfc. A 1 0 . 
50 Ga 0 . 50 As O^0J^i]iI^J:-ei. 8eVe$0, I n 0 . 05 Ga 0 . 95 As 
(D 1.4 e V £&m:LT+fr±%m&X&&o¥Mfomm<Dmm i &\$i&. van d 
e r P au-wmzm^TmiZlsfrhZZ, M^mm^7 5 0 0 cmVVs, 
hJgirC#U 2 0 0 Q, ->-hm-T«^7. 0 X 1 0 1 1 c m- 2 T&o Tc 0 

i n 0 . osGa 0 . 95 Asm^mtn^^^>rcib(Du^7, ynz-y&y* v 

VV?7 7j~-m&m^'Tmj&lstco ^GaAsltA 1 o. S0 Ga 0 . 50 As 
SOX^^>^-r^->^U>^^J;DfTV^ I n 0 . 05 Ga 0 . 95 AsS©^ 

^->$ U >^fef- J; DGaAs mWL^^JLy^y^f^n 

4<hLT©S i 3 N 4 £3 0 0 nmJ^J&bfco ^mnMMifil n 0 05 Ga 0 95 As 
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Nil50 nm, Au|3 5 0 nm^ISIfl, 51^© U 7 h^&tc: J: D#Jg 

*nxxTfr-)vm^<Dmm.%:mi£isfct.z.*>, 5 0mv©m*mEE^#e»nfc o 

^AftfcM^Lfcl 3 5 0 om<Dft-)l>m?<DAtjm,f?iR i n,?F¥fimj£V 
i n<D5fi%mt2 0 0 0 Qt^ofc. Sfc, Vu+rVu/t7^m a = 0. 1 
[Jt$£#l4] 

t^j&u £n&-?7,t7t u >#mz& d g a a s s«£-e*i*xy 

5r>^£fT<^»&£^J&bfc^ l^Xh£B&£L7co In 0 . 05 Ga 0 . 

95 a s m&mm-£i£z>t£.®(Du>>x hn&->&, 7*huv^77^-^i 

WTTMbfco TOGaAsltAlo.soGao.soAslOI^m -f 
^•>5U>^^J;DfTV\ I n 0 . 05 Ga 0 . 95 A s S(D^4 3 TX^^>^^#=iJb 

mz.. M'g.mMmz.&r) &uG eM2 5 0 nm, N i!5 0 nm, Aui3 5 0 
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iiliy^XTCVDii^^T, §il4<hbTC[)S i 3 N 4 $3 0 0nraM 
bfco Ay Fg&^&SPg&t&oT^SI/^;* W-^CIOS i 3 N 4 ilJi{C 

Cx/M^fcjjffbfcl 3 5 0 OffiO^— ;HH^<JDA*^R i n,W1g*J£V 
u*$«t^9 O-lHF^bfe^FWSJEr V u <D$J^£ilM0!l 1 1 tR*fcffofc. R 
i n<W£te«2 0 0 0 Q tmMM 2 DT£ofc 0 V u + r V u 
a = 0. 3 0mVtiIi2 £J£$£bT;*;^< , 0. 5mV^§ff«$ 

[&%0g 1 3 ] 

£?\ ¥«fMKOfM^««M9ir«. I§2^ >^(D G a A s SftUbfcSH 6 
«Xt!^^>- (MB E) *fcfc«fc?K 1 1 ^ bT 5 0 0 nmCD A 

1 o. 57Ga 0 . 43 As o. 04 S b 0 . 96 > StlttT5 0 nm<D InAs, ^2© 
M¥i#itLT5 0nmOAl 0 . 57 Ga 0 . 43 As fl . O4 Sb o . 96 ,l30 
tt,&m¥m»mtlsTl 0nm©GaAs o . 02 Sb 0 . 9S &M'&l$m~?Z>Z t\Z£ 

A 1 o. 6 ?G a 0 . 43 A s 0. 04 S b 0 . 96 CD^$U^i|i«^«fc-5-i. 2 eVTSD, 
I nAsCDO. 3 6 e ViJ*!j£LT+#*#&ffiT&£. ¥%#$j|g0«J&$H£^ 
van der P a uwfcfc^JBViTSflJtUfc t £15, * : F^»flE*S2 2 0 0 0 c 
m 2 /V s^>-bm,mS3 6 0Q,y-M^g^7. 9X1 0 n cm- 2 T^ 
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^>zf&m*mmm*mj£isit®. (s 6 o 2), i/^h^stfc (s 6 0 3)0 

t^^TV^I/^h/\°^->^^#:^i 1 {c^U^ (S 6 04), ^FJffi: 
GaAs 0 02 Sb 0 98 M<LA 1 0 57 Ga 0 43 As 0 04 Sb 0 . 96 S<Z)Xy^>^ 
§HCl^Xy5 : >^TO (S 6 0 5), «Vy7h$iibfc (S 6 0 
6) 0 I nAs jS«X^^>^^tl^ViX>y^>^^fflV^feJe) I nAsill 

0 OnmMLfc (S 6 0 7)„ #JgffiJl#? I nAsfttMt§^^7 H 

(S 6 0 8), CF 4 tO 2 ^^^l«JSft<t>Xy5 1 >^t c t0S 

1 3 N 4 I©M^X>y5 1 >^Lfc (S 6 0 9) 0 (S 
6 10), $e>fc^^#^fcJ;OT i Jll 0 0 nmu Aul6 0 Onm^HI 

#u migov y h#7mz£io&mmmmi 3©A°^->$^b^ (S6ii, 

S 6 1 2) 0 mmz, 'i/xA(lArSTOT2 5 0l3 > 2 B#F^©TX-;i/^JiU 
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^mummmmrf d 2 it, 99%, 2&ee) tio ontr^e^-fr, ^<Dm 

^©ffllSfiAVu (mV) £iH^£:, ££K:, sfc— 3 5 0 <C£ 
in^$nfc^Ba«t 5#FIt^ y-?t£1t* ^<7)itumTW¥^mjBE^lfrAVu (m 
V) &J;aa#*£in;^l*jAR i n (%) immWltt^J v ^M^jgiaftTfiJofc 
£il^fco R i n ©^«A^/*^t 0 . 1 mAT\ V u MJ^teA^fllJE 3 

mi 4] 
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[Jtife«5] 

0ltt^bfc^7h;^->^ 7*h'JV^77^-feSiViT^ (S2 
0 1), JinS7.X^il/T'rt>$ U>»iDGaAsIIl ST^tly 
^>^^fTV^ra^^b^m (S 2 0 2), b&m^Vfz. (S 2 0 3). 

#t^-C\ InAsi2 b&Um2"&Z1ttb<DU-&7> hA°^->£, 7*h'JV^ 
57-f-ft*IV>T»j*Ufc (S 2 0 4)o TOGaAs 0 . 02 S b 0 . 98 I2d 
£A 1 0. 57 Ga 0 . 43 As o. 04 Sb 0 . 96 I2 cOIyf>^HC 1 |Iyf> 
^Tfir^CS 2 0 5),*0^^hmSbft(S 2 0 6), I nAslttly 

So 

Jfcfc, I$IffeH«tDT illO Onm, Aul60 Onm^lllib, 51 
#©U7h*7ftfc«kD^JRm»3©/^— (S 2 0 7)o ^©m, 
7 x A±ffii:7°7X7 C ^ t, §Il4tUT©S i 3 N 4 £3 0 0 n 
m^j&bfc (S 2 0 8)0 \zfflfrf)mnffitt3i*oT^Z> h/^— 
©S i 3 N 4 Jl_tfC7Mbfc!£ (S 2 0 9), C F 4 <£: O 2 <DW&fi7s &m \t*1tRj&& 
-ft>Xy^>^IC«fcl3S i 3 N 4 Jl©^g&#£x>;/^>^Lfc (S 2 1 0) o 
l/^h§i4Lfef, 7x/MlAr#fflm2 5 0i:, 2 ^©7— — 
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^(D^mm&^mAVutxtiim^mAR i n<Dm\^mmmi 1 ^mmr* 

[J*»J6] 

^s#»McDa^^^m^^jin^»y 1 3 tiwiDT^^c m 2 0 t-^ti 

©^jR&bfel/^ hA°^->£^/£b (S 2 0 0 1), ^n^Tx^^bx-r^- 
>5 U >^tc«k DGaAs SIS 2 1 an?*tJ-Xy ^>^§fr fr>tfJttffi£?gJ$ b 
fct (S 2 0 0 2), I/^h^ibfc (S 2 0 0 3)o 

>)iAtIfI^7X7CVDSSffl^ &mmtlsT<DS i 3 N 4 £3 
0 0 nmMLfe (S 2 0 04). &J1®SJI/^ I n A s M tm&t Z>W>ft t. A°y 

(S 2 0 0 5), CF 4 to 2 <Dm^x^m^rc^)t^^r>^y^>^mzjzv 

S i 3 N 4 «©^gB#£rX^>^L (S 2 0 0 6), ^^TIx^X h£|&£b£: 
(S 2 0 0 7)o 

»GaAs o. 02 S b 0 . 93 I2 2 diA 1 0 . 57 G a 0 . 43 A s 0 . 04 S 
b 0 . S6 I^HC 1 IX7f >^tTX7f >^L-T^illtii!t5 I nA 
s^M£Bffi£i*£: (S 2 0 0 8)o I$lfSllj:DT ill 0 0 nm, 

Aujf6 0 0 nm^Wfb, ilS'OU 7 hjr7&lZ.<Z:K)&MMWiM 2 3 ©A* 
^->^r^bfc (S 2 0 0 9, S2 0 10) o ^lAlCArfl^tt 

mmmm) \$9 bum, m%3 5tfmT^. cne>*-;^*, ^>->>^\ 
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50 



fOTOiJEtiAVutA^J£^»)AR i n0i£^»Jl 1 tm^fS: 

^-cn-ofco 5 om?iz&tf%mfem%:&AvutemmmMi~T:. arum 

«»J1 4] 

HI 5 Izm-t-fc-Jim^UTvnimz £ 0 fi^Lfco 

ST, ^S^M^^^JlM^I^HJ-r^o ttS 2 -f >^C0G a A s mU±\Zfr^ 
$£XfcT^^>- (MB E) fcfcfc<£0, mi (Dit^m^m^mtLX5 0 0 nm<DA 

1 o. 57G a o. 43 A s o. 04 S b o. 96 , $H£Ji<hbT 5 0 nm<£> InAs, 12® 
it&W^mfam <h bT 5 OnmOA 1 0 57 Ga 0 43 As 0 04 Sb 0 , 96 > 13© 

tbtlOnm0GaAs £Jlg#j&MT S-^KlckD M 
£}#/&Lfc„ A 1 o. 5 7 G a o. 4 3 A s o. o 4 S b o. 9 6 OitlMfife if 1 ■ 2e 
VT^D, InAsCO. 3 6 e V <hJt^LX+^#^a-e^§ 0 fi#f!2 

van der Pa u w&SfflVVTM^bfc <h £3, M^mm. 
^2 2 0 0 0 cmVV Sl ~>- MSin^ 3 8 0Q, 7 . 5X1 

0 11 cm- 2, r&ofco 

£t\ «gp («fegMB£^tr) ©^^u^i/^x h^?->&Mmv (s 

2 0 0 1), iin*VX^iLT-r^->^ U >?mz&V) G a A s*1££T*-tJ- 
X^^>^^fT^^g^^bfe^ (S 2 0 0 2)> I/vXh^Slfc (S2 
0 0 3)o 

mz, ^^/\^m\z^^x^cvDmtm^x, §ntiTosi 3 N 4 $3 
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0 0 nmMLfc (S 2 0 0 4). ^Slil^ I n A s mt&f&TZlSlfrtrty 
\z&mmnM£tevT\,*Z>Ui?Z>hrt*~>&Z<DS i 3 N 4 JS±f:i^/&bfcm 

(S 2 0 0 5), CF A t0 2 <DUfi%*&m^fz.fcfo^*>^V^>>?mz&Y) 
S i 3 N 4 jf <D^g&#£Xy5P>^b (S2 0 0 6), 

(S 2 0 0 7) 0 

"A\Zs TOGaAsIt-^A 1 o. 57 Ga 0 . 43 As o. 04 S b 0 . 96 ^Sr-f 
^->5 U>£f«n?, ^DOA 1 o. 57 Ga 0 . 43 As o. 04 S b 0 . 96 J1£HC 1 ^ly 

^>^m-v^y9->^vx±mmmmtimrr^ i nAssis&8ffi$t&(s 2 

0 0 8)0 £S&C> SSlf^tiOTillOOnm, Aul6 0 0 nm^Ii 

it©U7 h*7mz&v&mmmm<DA&-->&Mj$.isfc. (s 2 0 0 9, 

S2 0 10)o mmz, DiACA r#ffl^4'T2 5 0"C> 2»7^- JUSJS 

?(D^mn&^W}&Vut\J]mMmW}AR i n<D$J^£^l»!ll 3<h|WMtl& 
&#Tf?ofco 5 0 3lHFlC^W-*a!l3©e*SAVutt*«ll6T, ARinW 

#®j&*G a A s S b CD«-& t Jt«L/T/h$ < , mz¥mmmUWi\Z&tf Z>&mfim 

[fH»Jl 5] 
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^mfcwmofcmmmtmffim 142 tmcT*&z>o 9iA^at7»0 6 \z^ 
xh/^->«i (S601), Jin^^tw ^->5 u>^ic«feo 

GaAs3S«*T^lJ-Xy5 i >^*ffV^?KIB*^bfc^ (S 6 0 2), Vz?7, 
V&fo&Vlt. (S 6 0 3)o 
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i>^>^U ^^Tl^^X h^^T^^i^ckDA-H^X^^^bfe (S 
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